A model of chronic neurotoxicity: long-term retention of the neurotoxin 1-methyl-4-phenylpyridinium (MPP+) within catecholaminergic neurons.
The mechanism by which 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) produces lesions in the nigrostriatal dopamine system has been extensively studied. MPTP, a lipophilic molecule, enters the brain rapidly where it is converted to the pyridinium metabolite 1-methyl-4-phenylpyridinium (MPP+), by a two-step reaction that requires the enzyme monoamine oxidase. Following this conversion, which occurs primarily in astrocytes, MPP+ is sequestered within monoaminergic neurons by the energy-requiring monoaminergic transporters. Inside the neuron, MPP+ is thought to act as a mitochondrial toxin, slowly sapping the neuron of its energy-producing potential by blocking the action of NADH dehydrogenase. Much attention has been focused on cell death after MPTP administration, but little attention has been paid to the effects of small subtoxic doses of MPTP (i.e., doses that do not produce overt neuropathologic changes), which might occur during environmental exposure to a nigrostriatal toxin. Low doses of MPTP (as little as 1/25th of a toxic dose) produce long-term (greater than 6 weeks) but reversible changes in catecholamine metabolism. These changes are characterized by a decrease in the products of enzymatic oxidative deamination without a concomitant decrease in the amine concentrations (apparent MAO inhibition). Striatal concentrations of MPP+, which is retained in catecholaminergic terminals for similarly long periods, parallel the metabolic changes. Thus, the long-term storage of the MPTP metabolite, MPP+, correlates with altered catecholamine metabolism. The data on the effects of MPTP have been combined into a working model of how MPP+ exerts its effects following subtoxic or toxic doses. The site of this long-term neuronal storage of MPP+ after exposure to subtoxic doses of MPTP is as yet undetermined, but several studies suggest that monoaminergic vesicles may be the primary site, with mitochondria contributing some storage capacity. This vesicular site could represent a potential brain site for the accumulation of toxins during continual or repeated exposure to low levels of MPTP. Induced release from this site might accelerate the toxic interactions with cellular components such as mitochondria.